An impulse turbine with self-pitch-controlled guide vanes has been developed specially for wave energy conversion by the authors. Based on that work, a large turbine of 1 m diameter has been fabricated and operated on the west coast of India. In a practical turbine system, the guide vanes need substantial supports in order to heighten the strength. Such supports affect the performance of the turbine. In this paper, the etfect of guide vane support geometry on starting and running characteristics of the turbine was investigated experimentally. Two types of cross sections of support were studied, that is, circular type and airfoil type. The effect of support length was also studied.
INTRODUCTION
The Wells turbine is a self-rectifying air turbine which is expected to be widely used in wave energy devices with oscillating water-air column. Several reports describe the performance of the Wells turbine both at starting and running conditions Kaneko et al., 1986; Raghunathan and Tan, 1982; Sarmento et al., 1987; Setoguchi et al., 1990 ). According to these results, the Wells turbine has inherent disadvantages, that is, lower efficiency, poorer starting and higher noise level in comparison with conventional turbines.
In order to overcome these weak points, an impulse turbine with self-pitch-controlled guide vanes for wave energy conversion has been developed by Setoguchi et al. (1996) . That turbine system has guide vanes before and behind the rotor so as to operate efficiently in a reciprocating air flow. The guide vanes rotate around the pivots by the aerodynamic moment induced by the reciprocating air flow. For the turbine, verification on the west coast of India by NIOT indicates that the efficiency is superior to that of the Wells turbine (Santhakumar et al., 1998 
where p is density of air. Figure 5 shows the effect of the diameter of support on turbine characteristics under steady flow condition. As is evident from Fig. 5(a) 
The reason is considered that the separation occurs on the support of upstream guide vane, though, for the support of downstream guide vane, the shape with radius of curvature is preferable to sharp edge. Fig. 7(b) ) as the torque coefficient is almost the same for any L/H (Fig. 7(a) ). Mean efficiencies for full-length airfoil shaped supports are shown in Fig. 8 together with the data of circular cross section support, where the maximum thickness of airfoil type support is 5.5 mm that is the same as diameter of circular type support. From the figure, it is found that the efficiency for the case with airfoil type is higher than that for the case of circular type. This is because CA of the case with airfoil type is lower in comparison with that of circular type as shown in Fig. 9(b) . Moreover, for the case with airfoil type, the efficiency for NACA0020 (thickness-to-chord ratio: 20%) is higher than that of NACA0030. This is because that torque coefficient is slightly better with more streamlining of the support as indicated by Fig. 9(a) . However, the efficiency for the case with airfoil type is inferior to that for the case of sharp edge shown in Fig. 4 .
Starting Characteristics
The starting characteristics of the turbine are evaluated by the variation of rotational speed from the rest point. Figure 10 shows for the case with support is slightly lower than the case without support although the starting characteristics does not depend on the diameter of support. This is because the flow coefficient at loading-free condition (i.e., CT=0) for the case with support is larger than for the case of sharp edge as shown in Fig. 5(a) . The effect of the support length on the starting characteristics is shown in 
CONCLUSIONS
The experimental studies have been carried out to clarify the effect of guide vane support geometry on the performance of impulse turbine with self-pitchcontrolled guide vane. The conclusions obtained are summarized as follows.
(1) The presence of support causes the deterioration in turbine efficiency. This is due to the increase of input coefficient caused by support.
(2 Economic and environmental factors are creating ever greater pressures for the efficient generation, transmission and use of energy. Materials developments are crucial to progress in all these areas: to innovation in design; to extending lifetime and maintenance intervals; and to successful operation in more demanding environments. Drawing together the broad community with interests in these areas, Energy Materials addresses materials needs in future energy generation, transmission, utilisation, conservation and storage. The journal covers thermal generation and gas turbines; renewable power (wind, wave, tidal, hydro, solar and geothermal); fuel cells (low and high temperature); materials issues relevant to biomass and biotechnology; nuclear power generation (fission and fusion); hydrogen generation and storage in the context of the 'hydrogen economy'; and the transmission and storage of the energy produced. As well as publishing high-quality peer-reviewed research, Energy Materials promotes discussion of issues common to all sectors, through commissioned reviews and commentaries. The journal includes coverage of energy economics and policy, and broader social issues, since the political and legislative context influence research and investment decisions. 
